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[54) BLUE LIGHT EMITTING ELEMENT 

:57)Abstract: 

PURPOSE: To provide a structure which enables high light emission output 
of a blue light emitting element wherein a gallium nitride compound 
semiconductor is used. 

CONSTITUTION: This the device is a blue light emitting element of a double 
hetero-structure which is provided with a gallium nitride compound 
s miconductor wherein an n-type Ga1-aAlaN (0<a<1) layer 3, an n-type 
nxGa1-xN (0<X<0.5) layer 4 and a p-type Ga1-bASIbN layer 5 are 
aminated one by one. 
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damages caused by the use of this translation. 

1 . This document has be n translated by computer.So th translation may not reflect th original precis ly. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translat d. 



CLAIMS ' . 

[Claim(s)] 

[Claim 1] The blue light emitting device characterized by providing the gallium-nitride system compound semiconductor by 
which th laminating of an n type Gal-aAlaN (0<=a<1) layer, an n type InXGa1-XN (however, range of X is 0< X<0.5.) layer, 
and the p type Ga1-bAlbN (0<=b<1) layer was carried out to order. 

[Claim 2] The aforementioned n type InXGa1-XN layer is a blue light emitting device according to claim 1 characterized by 
the bird clapp r from the multilayer from which X value differs. 

[Claim 3] th thickness of the aforementioned n type InXGa1~XN layer is a blue light emitting device according to claim 1 
characterized by being the range of 1 0A - 0.5 micrometers. 

[Claim 4] The aforementioned n type Ga1-aAlaN layer is a blue light emitting device according to claim 1 characterized by 
growing up on the GaYAI1-YN (0<=Y<=1) buffer layer which grew on the substrate. 

[Claim 5] Th thickness of the aforementioned p type Ga1-bAlbN layer is a bfue light emitting device according to claim 1 
characterized by being the range of 0.05 micrometers - 1 .5 micrometers. 
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DETAILED DESCRIPTION 



[Detail dD scription of the Invention] 
[0001] 

[Industrial Application] this invention relates to the structure of the blue light emitting device which started the blue light 
emitting device used for blue light emitting diode, blue laser diode, etc., especially used the gallium-nitride system 
compound semiconductor. 
[0002] 

[Description of the Prior Art] Gallium-nitride system compound semiconductors, such as a gallium nitride (GaN), an indium- 
nitrid gallium (InGaN), and gallium-nitride aluminum (GaAIN), attract attention as a practical semiconductor material used 
for luminescence devices, such as blue diode and blue laser diode. 

[0003] As a light emitting device using the gallium-nitride system compound semiconductor by which the conventional 
proposal is made, the thing of the structure shown in drawing 3 is known well. This has the structure where the p type GaN 
layer 5 was made the n type GaN layer 3 buffer-layer 2* which consists of AIN on a substrate 1 first, and on it, and the 
laminating was carried out to order on it. Sapphire is usually used for the substrate 1. Buffer-layer 2' has on it the 
operation which improves the crystallinity of the gallium-nitride system compound semiconductor which carries but a 
laminating by minding AIN as indicated by JP,63-188983,A. Si or germanium is usually doped by the n type GaN layer, 
although Mg or Zn is usually doped by the p type GaN layer — p type since crystallinity is bad — not becoming — high — 
it is i type [ **** ] moreover, i type — low — in JP,2-42770,A, the technology of performing electron beam irradiation on a 
front face is indicated as a means to change into p type [ **** ] 
[0004] 

[Problern(s) to be Solved by the Invention] Generally, for a low reason, the light emitting device of such homozygous does 
not hav a practical radiant power output. In order to increase a radiant power output and to consider as a practical light 
emitting device, it is necessary to make preferably [ it is desirable and ] the light emitting device using the gallium-nitride 
system compound semiconductor into double hetero structure to a single hetero and a pan. However, in the gallium-nitride 
system compound semiconductor, the practical light emitting device of double hetero structure using p type layer is not yet 
reported. 

[0005] Th refore, this invention is made in view of such a situation, and offers the new structure which can do the blue 
light emitting device using the gallium-nitride system. compound semiconductor with a high radiant power output. 
[0006] 

[Means for Solving the Problem] We succeeded in development of the blue light emitting device of double hetero structure 
not the conventional homozygous GaN but by newly making an InGaN layer into a luminous layer. That is. the blue light 
emitting device of this invention is characterized by providing the gallium-nitride system compound semiconductor by which 
th laminating of an n type Gat-aAlaN (0<=a<t) layer, an n type InXGaT-XN (however, range of X is 0< X<0.5.) layer, and 
the p typ Ga1-bAlbN (0<=b<1) layer was carried out to order. Moreover, the aforementioned n type InXGal-XN layer may 
be a multilayer from which X value differs. 

[0007] One structure of the blue light emitting device of this invention is shown in drawing 1 . As for the buffer layer which 
1 becomes from a substrate and 2 becomes from GaN, and 3, an n type InXGa1-XN layer and 5 are p type GaN layers an n 
type GaN layer and 4, and these have double hetero structure by which the laminating was carried out to order. In the blue 
light mitting device of this structure, a luminous layer is the n type InXGat-XN layer 4, and the n type GaN layer 3 and the 
p typ GaN layer 5 are clad layers. 

[0008] Although a substrate 1 can use material, such as sapphire, and SiC, ZnO, sapphire is usually used. A buffer layer 2 
can be formed by GaYAI1-YN (0<=Y<=1), and is formed by the thickness which is usually 0.002 micrometers - 0.5 
micrometers. The direction preferably formed by GaN can carry out the laminating of the crystalline good gallium-nitride 
system compound semiconductor rather than AIN. We have described the effect of this GaN buffer layer in Japanese 
Patent Application No. No. 89840 [three to ] which applied previously. The gallium-nitride system compound semiconductor 
th buffer layer which consists of GaN excelled [ compound semiconductor ] the conventional AIN buffer layer in 
crystallinity in the case of silicon on sapphire is obtained. The crystallinity of the gallium-nitride system compound 
semiconductor on a buffer layer can be raised by first growing up the buffer layer which has the same composition as the 
gallium-nitrid system compound semiconductor which it is going to grow up still more preferably at low temperature on 
silicon on sapphire. 

[0009] Th n type GaN layer 3 can us GaAIN which replaced a part of the Ga other than GaN with aluminum (namely, 
Ga1-aAlaN, 0<=a<1). Mor over, although these gallium-nitrid syst m compound semiconductors have the property in 
which a non dope also serves as n typ , they dope h typ impurities, such as Si and g rmanium, for example, and ar good 
also as a desirabl n type. 

[0010] The p type GaN layer 5 can also us GaAIN which replaced a part of th Ga other than GaN with aluminum (namely, 
Ga1-bAlbN, 0<=b<1). performing pr ferably 400 degrees C or more of annealing at the temperatur of 600 degrees C or 
more, as it indicat d to Japanese Patent Application No. No. 357046 [ thre to ] for which we applied previously after 
growing up a Ga1-bAlbN layer, this p typ GaN layer 5 acting as a clad layer in the structure of the element of this 
invention, and doping p type impurities, such as Mg and Zn, for example, — low — it can consider as p type [ **** ] As for ' 
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nara to Torm py tne aTore mentioned metnoa into p moia 

[001 1] Th n type InXGa1-XN layer 4 can make [ more ] the mole ratio of an indium to the gallium in material gas for 
example, by the organic-metal vapor growth than 1, using nitrogen as carrier gas of th gas of mat rial gas, such as Ga and 
In, and it can be made to grow up by doping growth temperature as t mp rature higher than 600 degr s C, and doping Si 
or g rmanium as an n typ impurity furth r. As for Si or germanium, a radiant power output increases in InXGa1-XN 3- 
1022/cm3 of 1016-/cm, and by doping in the amount of 1018-1020-/cm3 pref rably. 

[0012] furthermore. In mixed-crystal ratio, i.e., X value, of th aforementioned n type InXGa1-XN layer 4 — the range of 0< 
X<0.5 — it is necessary to adjust to the range of 0.0K X<0.5 preferably Sine th luminescent color will turn into yellow if 
the InXGai-XN layer 4 acts as a luminous layer and becomes 0.5 or more by making [ more ] it than 0, it cannot be used as 
a blu light emitting devic . 

[0013] Moreover, as shown in drawing 2 , X value is good also as a multilayer from which X value differs the InXGai-XN 
layer 4 in 0< X<0.5. since this InXGa1~XN layer 4 serves as single quantum well structure and multiplex quantum well 
structure by considering as a multilayer, a radiant power output can be markedly alike, and can improve, and threshold 
current can be reduced in the case where it is further made laser diode 

[0014] As for the n type InXGai-XN layer 4, it is still more preferably desirable to form by the thickness of 0.01 
micrometers - 0.1 micrometers 10A - 0.5 micrometers. Moreover, it is better to adjust the total thickness to 
aforementioned within the limits, when it considers as a multilayer. It is because sufficient radiant power output will not be 
obtained if it is thinner than 10A or is thicker than 0.5 micrometers. This is an inclination looked at by only the gallium- 
nitride system compound semiconductor. Drawing 4 is drawing showing the relation between the InO.1GaO.9N layer thickness 
and the relative luminescence intensity of a light emitting device, when the mixed-crystal ratio of the InGaN layer 4 which 
is a luminous layer of the light emitting device of the structure shown in drawing 1 is set to InQ.1Ga0.9N. Thus, 
luminescence intensity changes by changing the thickness of a luminous layer in the blue light emitting device of this 
invention. When especially the thickness exceeds 0.5 micrometers, it is in the inclination to fall rapidly. Therefore, the 
thickness of a luminous layer has the desirable range of 1 0A - 0.5 micrometers which has 90% or more of relative 
luminescence intensity. In addition, the same result was obtained when the n type InGaN layer 4 was made into a multilayer. 

[0015] 

[Function] in the blue light emitting device of this invention, since it is considering as the double hetero structure which 
made the n type InXGa1-XN layer the luminous layer, as compared with the conventional homozygous GaN, a radiant power 
output is markedly alike and improves And by this invention, although the p type GaN layer was a luminous layer in the . 
conventional homozygous GaN, when a clad layer and an InXGa1-XN layer act as a luminous layer and an n type Ga1-aAlaN 
layer and a p type Ga1-bAlbN layer make the X value the range of 0< X<0.5, color purity can consider as the good high blue 
light emitting device of a radiant power output. 
[0016] 

[Example] Below by the organic-metal vapor growth, how to manufacture the blue light emitting device of this invention is 
stated. 

[0017] [Example 1] Passing hydrogen, after setting the silicon on sapphire often washed first in a reaction container and 
replacing the inside of a reaction container enough from hydrogen, the temperature of a substrate is raised to 1050 degrees 
G, and is h Id for 20 minutes, and silicon on sapphire is cleaned. 

[0018] Then, passing a part for ammonia (NH3) 4 I./, and TMG (trimethylgallium) to a part for 27xten - six-mol/as reactant 
gas, and passing [ lower temperature to 510 degrees C, ] hydrogen on a substrate front face by part for 2l./as carrier gas, it 
holds for 1 minute and a GaN buffer layer is grown up by about 200A thickness on silicon on sapphire. 
[0019] Only TMG is stopped after buffer-layer growth and temperature is raised to 1030 degrees C. If it becomes 1030 
degrees C, similarly, by making hydrogen into carrier gas, 54xten - six-mol a part for /and silane gas will be passed by part 
for 2x10 -nine-mol/, ammonia will be passed by part for 41./, TMG will be grown up for 30 minutes, and 2 micrometers of Si 
dope n typ GaN layers are grown up. 

[0020] Material gas is stopped after n type GaN layer growth, temperature is made into 800 degrees C, and carrier gas is 
changed to nitrogen, for nitrogen TMG as 21. a part for /and material gas A part for 2x10 -six-mol/, A part for 2x10 -nine- 
mol/is grown up in 1x10 -five-mol a part for /and silane gas, and ammonia grows up [ TMI (trimethylindium) ] 200A Si dope 
n mold InO.14GaO.86N layer with a sink for 10 minutes by part for 41./. 

[0021] 0.8 micrometers of p type GaN layers are grown up pouring 54x10 -six-mol a part for /and Cp2Mg (magnesium 
cyclopentadienyl) by part for 3.6x10 -six-mol/, and pouring [ stop material gas after Si dope n type InO.14GaO.86 N layer 
growth, raise t mperature to 1020 degrees C again, ] ammonia for TMG by part for 41./. 

[0022] A substrate is taken out from a reaction container after p type GaN layer growth, annealing equipment is performed 
the inside of nitrogen-gas-atmosphere mind, annealing is performed for 20 minutes at 700 degrees C, and the p type GaN 
layer of the best layer is further formed into low resistance. 

[0023] After having removed a part of p type GaN layer of the wafer obtained as mentioned above, and n type 
In0.14Ga0.86N by etching, having made it open [ begin ] in an n type GaN layer, preparing the ohmic electrode in the p type 
GaN layer and the n typ GaN layer and cutting into the chip of 500-microm ter angle, when it considered as light emitting 
diod according to the conventional method, the radiant power output was 120microW in 20mA, and peak wav length was 
400nm. 

[0024] In the [example 2] example 1, after growing up Si dope n mold InO.14GaO.86N layer, the flow rate of TMI was 
continuously changed into a part for 2x10 -five-mol/, and the 50A Si dop n mold InO.25GaO.75N lay r was grown up on it. 
Furth rmore, the flow rate of TMI was changed into a part for 1x10 -fiv -mol/after n typ InO.25GaO.75 N layer growth, and 
the 200A Si dope InO.14GaO.86N layer was grown up. The rest was mad into light emitting diode like the exampl 1. That is, 
the Si dop n type InXGa1-XN layer of an xampl 1 was made into multilayer structur (InO.14GaO.86N layer 200 A, 
InO.25GaO.75N layer 50 A, and InO.14GaO.86N lay r 200 A) from the substrat side at order. Th radiant power output of 
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ODtainea iiKe xne example i. i ne raaiarrc power output ui inib iifein. omniums uiuue wob ouimuun in z.uinrv, cimu peem 
wavelength was 430nm. 

[0026] In the process into which the buff r layer of th [ xample 3] example 1 is grown up, TMA gas was passed in the 
amount of said inst ad of TMG, at the temperature of 600 degrees C, th buffer layer which consists of AIN on silicon on 
sapphire was grown up by 500A thickn ss, and also light emitting diod was obtained like the exampl 1. There 80microW 
Was an output of this light emitting diode by 20mA, and it was about 1.6 times as compared with the output of the 
conv ntional homozygous light mitting diode. 

[0027] In th [example 4] xampl 2, it considered as th light emitting diode which a buffer layer is set to AIN like an 
example 3, and also has the multilayer of InGaN lik an example 2. This light mitting diode was also 2O0microW in 20mA, 
and the radiant power output was 420nm of peak wavelengths. 

[0028] In the [example 5] example 1, only TMG is stopped after buffer-layer growth and temperature is raised to 1030 
d grees C. If it becomes 1030 degrees C, similarly, by making hydrogen into carrier gas, 6x10 -six-mol a part for /and silane 
gas will be passed by part for 2x10 -nine-mol/, ammonia will be passed for 54xten - six-mol a part for /and TMA by part 
for 41./, TMG will be grown up for 30 minutes, and 2-micrometer Si dope n mold Ga0.9aluminum0.1N layer is grown up. 
[0029] Next, after growing up 200A Si dope n mold In0.14Ga0.86N layer like an example 1 on this Si dope n mold 
GaO.9aluminumO.1N layer, Material gas is stopped and temperature is again raised to 1020 degrees C. TMG A part for 54x10 
-six-mol/, 0.8^micrometer p mold Ga0.9aluminum0.1N layer is grown up pouring 6x10 -six-mol a part for /and Cp2Mg 
(magnesium cyclopentadienyl) by part for 3.6x10 -six-mol/, and pouring ammonia for TMA by part for 41./. 
[0030] It is made above, on a substrate A GaN buffer layer and Si dope n mold Ga0.9aluminum0.1N layer, After carrying out 
annealing of the wafer which carried out the laminating of Si dope n mold InO.14GaO.86N layer and the Mg dope p mold 
GaO.9aluminumO.1N layer to order like an example 1, When considered as light emitting diode, the radiant power output was 
120microW in 20mA, and peak wavelength was the same as that of 400nm and an example 1. 

[0031] In case the buffer layer of the [example 6] example 1 is grown up, in 510 degrees C. a part for 3x10 -srx-mol/is 
passed [ a part for ammonia (NH3) 4 I./, and TMG (trimethylgallium) ] for 27x10-six-mol a part for /and TMA as reactant 
gas, and a Ga0.9aluminum0.1 N buffer layer is grown up by about 200A thickness on silicon on sapphire. 
[0032] Next, the 2-micrometer Si dope n mold Ga0.9aluminum0.1 N layer which has the same composition as a buffer layer 
like an exampl 5 on the buffer layer is grown up. 

[0033] next, an Si dope n type — a Ga0.9aluminum0.1N layer top — an example 2 — the same — carrying out — an Si 
dope n type — InO.14GaO.86N layer 200 A and an Si dope h type — In0.25Ga0.75N layer 50 A and an Si dope n type — the 
laminating of the InO. 1 4GaO. 86 N layer 200 A is carried out to order, and it considers as a multilayer 

[0034] When the p mold Ga0.9aluminum0.1N layer was furthermore grown up by 1 -micrometer thickness like the example 5 
on the multilayer and also it considered as light emitting diode similarly, in 20mA, 210microW and, the peak wavelength of 
the radiant power output of this light emitting diode were 420nm. 
[0035] 

[Effect of the Invention] As explained above, since the blue light emitting device of this invention makes the structure 
terrorism structure to the double using the gallium-nitride system compound semiconductor, luminous efficiency can obtain 
a high blue luminescence device. Moreover, since light is emitted through the deep luminescence pin centerjarge made with 
Zn of a p type GaN layer. Mg, etc., there is about about 60nm of the luminescence full width at half maximum, and the light 
emitting devices of the conventional homozygous are very latus. On the other hand, since the light emitting device of 
terrorism structure uses luminescence between bands of an n type InGaN layer for the double of this invention, halM/alue 
width is very narrow, is about 25nm, and is below the half of the light emitting device of homozygous. For this reason, color 
purity is very good. Furthermore, since the blue light emitting device of this invention can change the luminescent color by 
the mole ratio of In of InXGal-XN which is a luminous layer, it is not influenced by the impurity of a p type GaN layer. 
Therefore, the blue luminescence device excellent also in reliability is obtained. Moreover, since the blue light emitting 
device of this invention is applicable also to blue laser diode, the utility value on the industry is very large. 
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Mr. Kimberley Lachaine 
KIRBY EADES GALE BAKER 
P.O. Box 3432, Station D 
Ottawa 

CANADA KIP 6N9 



June , 2003 

VIA FACSIMILE 
(Page 1 of 1) 

Your Ref: 41593 
Our Ref: 528023 

Canadian Patent Application No. 2,237,493 
Applicant: Nippon Paint Co., Ltd. et al. 



Dear Mr. Lachaine: 

Thank you for your April 16, 2003 letter. 

With respect to EG-MO and EP-MO, the word "EP-MO" should have been 
written as "EG-MO". The word "EG-MO" is a code as used idiomatically. The 
letter "EG" means abbreviation of electric gilding, the letter "M" means non- 
treatment, such as no-treatment with chromate and the letter "O" means oiling. 

If you have any questions, please do not hesitate to write to us. 



Sincerely yours, 
AOYAMA & PARTNERS 



Yasuhiro KITAHARA 



YK:mo 

P.S. Please acknowledge receipt of this letter by return facsimile. 
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DESCRIPTION OF DRAWINGS 
Brief Description of the Drawings] 

Draw ing 1] Th type section view showing one structure of the blue light emitting device of this invention. 

Drawing 2] The type section view showing one structure of the blue light emitting device of this invention. 

Drawing 3] Th type section view showing the structure of the conventional blue light emitting device. 

Drawing 4] Drawing showing the relation between the thickness of the InXGa1-XN layer of the blue light emitting device 

:onc rning one example of this invention, and the relative luminescence intensity of a light emitting device. 

Description of Notations] 

Substrat 2 GaN buffer layer 

J n type GaN layer 4 ..... n type InXGa1-XN layer 

5 ..... p type GaN layer 
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X»0 <X<-0. SiDffiBraS, ) mt. .pSGa,.; 

20 a i b n (o^b<i ) Bi^iRttiaiesti/ca^y* 

g?i2n§!I n^Ga^'xNHtt, XlBOMft 

' [000 7101 tc**?a©#fe^3l£*-T ©-*S*^ 
To lttSfi. 2UGaNJ;0&^7rJi t 3 tin 
mGaNm, 4BnlIn,Ga,. a Ni. 5lipIGa. 

l{inSln,Ga l .»NI4t*0> nfiGaNI3i 
30 pl^G a NM5 5J^ 7? FJfr*.£„ ■ 

[0 0 0 8] ««ltt^T-/T, S iC, ZnO^CD 

M-r^ r Jg2iiGa r A l t . ¥ N (0^Y^ 1 ) T'0J#T 
^Cim, ilSO. 002/im-O. 5umCD/I3 
r^fiSf*. Hf$K«GaNtMtam A IN 

TZtt&XZZ. C©GaNA*^7 7iOW^ 
Xim*iffifcBMbtzmW¥-3 - 8 9 8 4 b#fc*rt> 

40 77 7 fJ:HGaNJ;D^777 EO^M B B B t4 
fc«n?t^fk5tf »; * A JK< fc^»*3W*3&5» £ ft. 5 6 tc 
jf? £ b < WSSSStf J: ^ i 1* S^ffctf 'J ^ A3Rft^«¥ 
3»»4H-««**1"&^97rJB^ ^ Tl^7 y 4*7 

tifiXZZ. 

[ 0 0 0 9] nSGaNB3ttGa-N<Wfi«C^©Ga<D 
"SP^A l.tSftWcGaAlNiffifflnCim 
«P*Ga,. B Al.N. 0^a<l) <) *ycCti.6<D 



(3) 

3 

&mts i s Gemonm^m^f . 

[0010] p^GaNiS &G a NcDftkGC-£<DGa(£) 
-2I5£A 1 T-BftLfcGa A I N £ C <£ #r t 

5 (IP^Ga a _ b A I b N, 0^b<l) o C©piGa 

-:/L&#6Gai- k A 1 b NM£j&6£tf/d£. 0R« 
ft* W^WUcW3 - 3 5 7 0 4 6 ^tCietS b 
•fc J: 0 fc v 4 0 0 "CM ±02 I < J* 6 0 0 'CfcLbDfiR 1Q 
r T U > 5 C 1 5C J: ^ p Mi -r & c 

0. 05/im-l. 
/SST^JffirS-Ci^JfSL^. 0. 0 5jumJ;^feir 
lii^^? FH<bUrffflUc< <. *fcl. 5 jLtm<fc 

[0 0 111 nSIn«Ga 1 . x N14«, Wffl 
^iimti^gatci: 0 , Ga, I n^cDMf*#X©#X 

VCI&gMBLZB 0 0"CJ:«3Kl»fiKi.L/r. n»l 20 

g*C'&tf?fr&. S i ifettGetil n.Ga^N* 
CCl O'Vcrf-lO'Vorf, i»KlilO n -10 

2 0 /cm 3 <oaT f - y'-r s c £ k i: 9 «*ffl**«t-*rf 

[0 0 12] liiBnai n,Ga 1 _ Jt N14CT)I 

niSUtt SPfexHi 0 <X< 0 . 5 4>OB. L < tt 
0. 0 1<X<0. 5OffiH0CpIS-r^^*S. 0 
J:9£<-r*££fc<fc»5; I n x Ga a _,NJI4#|^jI . 

[00 13] H2«:^-rJ:5K k 'XB^0<x< 
0, 50ffiKT\ I n K Ga 1 _ Jt NJ14«)CB©Mft«* 

x Ga, rX N14 #F*S. • feJ:?^M?# 

F*jS£fcSfc«>, #fe*Hi*#«SCci«g±L, SfcCtU 

[0014] nil n )( Ga 1 _ x N14til 0t>^h 40 
n-A-r0. 5 Am, ££&ti?&L<teO. 0 1/im- 
0. lMm©/*Sr^J5^^C<t3&SS[3EL/l». $/c ^ 

$m-?&Jitt&\,K «ctftt"6, 1 0*>^xFp-aJ: 
Wtr^, SfcttO. 5^mJ:tf iffo>£^fc#S*ffl 

CC^T«fiCD»*?R'? L ©%*Ji"C*S 1 n G a NJ14<D 
Sfltfc* I nO.lG a 0.9N t LtcW&> *<D I n 0.1G 
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4 

feULOtB»^3e«tt*^5 1 0 *> ^ h n-' A- 
0. 5 /im©ftffl##*U>. ngglnGaNJB 

tc. 

[0015] 

^<D**^GaN«:ttbT, H*ffi*^^®CCffij± 
1T5 0 Ivfcfe. Sa^g^GaNtlipiGaNl 
i^Mt$)^^. ^TOtTttn^Gat-.A 1 .Nl 
£ pfiGai.kA JiNii#^7? F®, Ifl*Ga 

[0016] 

[0017] [X*Wl] *1\ i<»LW7T-f 

[0 0 1 8] »li"C, igJS^5 1 O'CStBf, SJS^ 
Xt LX7>*~T (NH S ) 4 \>\>/9tb; TM 
G { F 'jy ?;^'J^A) ^27X1 0" 6 W^, * 

t y 7 ± 1/ r 2 y » f Wftv, Sfi*®cc 

[0019]A?77 JiC£5». TMG<Dfrittf)X. U 
&*l 0 3 0'Ci"C±»3^S. 10 30TO^/c 
^D<*^^++ , J7^£Lr, TMG^54x 

10^^l//^£. J/7>^^2X10-^/^ 
T>*^7£4 >J 7 FA'/d'CauraOjWBIfiEfiS 
-t* Si F-^naGaN**2tfml«ftS«&5. 

[0 0 2 0] nlG a NJUSfift, M^^^^±2sf)v & 
a*8 0.0"CtCL/-C. 'JT^fi^D^, 
^2'J-;Ml//^ JBt4^tbTTMG*2Xl 
0 e ^e;V/^£ t TM I ( Fy^JM^OA) ^rl 
X10" 5 W^ ^7>^*2x 1 O- 8 ^/^, 
7>^7^&4 y y Y1l>/ft-Cl QftmWLLt£&h. s 

i F.-^nSI nO.14Ga0.86Nl£2 0 0^*>^ F 

[0.0 2 1 ] Si F-^nSI n0.l4Gao.86N®J&g 
tt. - «*f^*jt«6. IKfiB«*.I 0 2 0 VtVlMZ 
TMG^5 4X 1 0" B ^;l//^ N Cp2Mgr 



5 

&<>*Vx~fr'?if*i/*?I*) £3. 6X10"*^ 
T>*~T*4V vhto/frCfrbtttfib* P§* 
GaN**0. 8nmte^ 
[0 02 2 ] pBGaNJUEStt. M*fiMSB*6 
IMHBU 7--V>^fifcTg*£H«^ 70 0 
■Cr2 0*nBr^ , J>y«rtfl^ SUl<Z)pMGaN 

GaNI, 4B<fctfnSI no.l4Ga0.86NO-S^i5» 
*>^KJ:0ftt)(fe*, nSGaNJIfcSftiSi^ pI 
GaNi, 4j<fcOfnaGaN»«:*-5 9^«tt*» 
tf % 5 0 0 /imfl(D^7 7'^7 hL/fc». S&(C$ 
^ Ifeft^*- Fib/tic*, &*ft£0*2OmA 
m4tl20wWt'*») ( fc*-£StS«4 OOnmt? 

[0024] [§asw2] ss»wncfct^r. s i f- 

^nSI n0.l4Ga0.86NJ14JSSS-&/c», St^tTT 
M I <Difcfi£ 2 x 1 0 ' 5 *)WftW3t*rt. Z<D±fr S 
i no.25Gao.75N)I£5 0*>^X hn 

-Aj&g£it/c 0 nil n0.25Ga0,75N|fJ$ 

Sft. TM I ©iUt* 1 x l o-'-^v/^KSax, S 

1 F-r/I nQ.14Ga0.86NJi£2 0 0^>^ ha- 

Ga^NM. ^M*6JBC; I n0.14Ga0.86N 
Jf2 00*>^Xha~A. I n0.25GaQ.75NJi5 0 
t>^fD-A, I n0.l4Ga0.86NH2 p'0*>^ 
;Ua-A©£«g!«ii£Lfc. CO»*y-f-*-F© 
MAtt 2 0 m A fcfc^t 2 4 0 ^WCfe 9 1 
jSfi»4 2 0nmr*ofc B 

[0 02 5 ] [tt®W] I no.i4Gao.86NJB*SSgS 

2 0mAT50tfW-C*0. f-?«Stt4 30nm"C 

[0 02 6 ] [iafcW3] *iwio^?7 7ji*ia* " 

£ii£:LfIK:fcl>r. TMGOftto»3tcTMA^*H 

1 NiO 7 rJB£ 5 0 0^>^Xh a-A(D^ 

-F£f#/c. C©&*#4*-FOffi;f7tt2 0mAt8 
0uWft^/ffi*O^«^^^*-F©ffl^Ctt;. 

[0 027 ] [SI*W4] W»«2{Cfct*r. ;<j77 
®^^W3©CT<f: < A 1 N£r*flSfcS3fcW2 iPIS 
KbX I n Ga N©*JBI«*«rS«*^>r F± l> 
fc. C©'»*^-{*-Ffe«*U*tt2 0mAfc^r 

2 0 0mWt?^*3, t-^SI4 2 0nmt?)o/c 8 
[0 02 8 ] [**W5] WtWifcfc^r, y y t 

JWKfift* TlVIGCD&lL&T, MK£ 1 0 3 0'C^"C± 
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6 

H£tf&„ 1 0 30 B CKfto/c6, BCK****ir U 
T#*<LbT\ TMG%5 4X10: , W»i, TM 
A&6X 1 0" 6 ^;l//^<!:, i/?>^*2Xl 0 

JS*$1*\ Si F-ynSGao.9A 1 0.lNJB*2-um 

[0 0 2 9 ] &fct<Z)S i F-VnHGa0.9A 1 0.1N 

i4Ga0.86NJI£2 0 0*>^X h n-Aj&^ttfc 
10 & BB«X*jfc». Wt>'MJt£ 1 0 2 0 B C^r±^2 
t*\ TMG?:5 4X10' t W^i, TMA£6X1 

• 4 U * F^/#T*Lfc#6, p^Ga0.9A 1 o.aNB 
£0. 8 jumJ&SSSl**. 

[0 0 3 0 ] «±<&«fc5KbT, S«©_hfc, GaNA' 
.^rli, S i F--*nSGa0.9A 1 O.lNJf S 
i F-7 f nMI n0.14Ga0.86Nff£, MgF-^pS 
Ga0.9AIO.lNBi4/i{cSlibfc^j:^-$||ifcW 
20 l ipliK:iT7-- , J>^um Wt#-< =f*— F£ 
U/ciC6, Ifc&EitfJtt? OmA^^t l 2 0 
4>0, t"-^«Stt4 0 0nmi*»Wl <bH-r*o 

[0 0 3 1 ] [Xlkff6] §l««l©^y7rJS*ffi* 

(NH 3 ) 4U v \)\s/ftt. TMG ( FU^n^y 
$A) l:2 7xlO"W^i, TMA£3X10" 6 
^/^SrfiEU 1f--7T-fTS«±fcGa0.9A lo.i 
N;ty77-I«ft2 0 0 4->^x a ©flared 

30 

[0 0 3 2] 7 7 ®0l^W5 ifq];® 

KLrA7 7T«iS-fflaE*#1"*S i F-^n^G 
a0.9A 1 0.1NJ1%2 /zmSSK^-lf*. 

[0 0 3 3]#CCSi F-^n^GaO^A 1 O.lN/f <9 
±tC..^*W2<!:^aCcL/-C, S i F-7nSTI n0.14 
Gao.86NJi2 0p^>^x-Fa-Ai % S i F-^n 
Ml no.25Ga0.75N15 0*>?/z hn-A<b, Si 
F-:7"n§n n0.l4Ga0.86NJf 2 0 0*>^X ha- 
A'*||BcSHIl/*JllliT5/- 

40 [0 0 3 4 ]$ 6fc*©£llS©±K|QBW5 £EI«CC 
UrpSG-ao.9A lo.iN«£l MmOJiffTSSSS^ 

%5fe^t-F©^3feaj^6i2 0mA«:*yC^T2 1 0 <i 
- tr-^ifiS«4 2 0nmr*>o/t. 
[ 0 0 3 5 ] 

*©«fi^Sfb^i;^A^^«*3wtt3fijffl 

50 pMGaNiOZn, Mg^CCj: 



- ^(D#S^fc 6 0 n m < ib 

sen*. 

m 1 1 xzmoifmtmi^v-m&zmmM* 
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8 

*B9BI. 

[ m 4 ] *fW3©-^*Wfcffi 6 WfejyMfrF© I n 

io 2 • - - - . GaN^ 

3 .... . niGa NB 4 • • - nSIn 
K Ga a - x NS. 
5 ... • p^GaNJi 



in 
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[&tT0J¥$9$f (1 997) 1/310 0 

[&m&^] «WP6-1 7 7 4 2 3 
[&B0J¥«6# ( 1 9 94) 6/32 4 0 

'[^a^»] &raRfiF&«e-i 7 75 

[ffl»f]1MPF5-l 1 4 5 4 1 

H01L 33/00 

[ f n 

H01L 33/00 A 7809-2K 

[MiE»*8S«] TOS 

t»iE»»sa*] 45: 

mm®) : ■ 

■[«R*].."W«f ■ 

&m 1 o^mtM cb , mm 1 ©¥»»ii±ccs^ e 
6 > mm 2 ±«crw e p mm 

■ [1**392] Si nlGa^Al.N 
(CCt k 0^a<l) #>6&D k £3©*£fl«jW k 
P^Ga a _„A 1 b N (CCt, 0 ^b< 1 ) frttZC 

■ [»*3I3] ■»2 0^**JifcF--7 r StiSnS^«- 
»5 S i S7tttGer*SCi*«fftit -518*311 * 
fctt 2 tc|EK©¥«#»**^. • 

■t«3#!4]' »20*K»ft»M>^Aj!/'J 

ct\ o<x<o. 5) rjsatshr USG 

•a* * c £ £«« t 1- l ta > o 5 © i 1 

[«*S7 J 3t2<D*«ttJI#, 'El»fcx*<DJKt* 
I n,Ga w N (CCt, 0<x<0. 5) 



Ga v A 1 lT y N (CCC, O^Y^ 1 ) J:9 
[*«3I10.] » 3 0. 0 5nm- 

0*aMt£»*ttaU *onfflWf«|l*attr»2cp 

a mt&&&m&fr & zm 3 ^ata^s 

12] Si ©PPM/***, n&7MMK«S 

1 ii2i£©»B£m 

3] £i©jRfW*jW s sar^s-^A 
1 2^©»fcm 

1 3 pi>r*»* 1 «a»o»m . 

[0 0 0 1 ] 
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CO 00 2] 

iUtlM'J^ (GaN) , Wfc-f>5?$A#y> 
A ( I n G a N) , gfb#y 0 ATJl/S ^ A (Ga A 

i n) «©fflt^y^A*ft^*»^aasnrc» 

So 

[0003] ffi^sesti-cL^Sfb^y * AS.fb^ft 

1 NJc9&&^?yl2 4. nIGaN13i;pS 

fcRt* 6 ftfc A 1 N iP P> ft Z X * 7 t 1 2 6 J . 6 
3- 18 898 3^fR<ciaK$nr^5J:^K: % *<D 

(pJ±3#S. nSGaNI3li, nM*j«f±LTSi 

NJ15{i v pfT«iltM^toZn^F-7^ 

£3^8 £ br, WH¥2- 4 2 7 7 0-%£mai. mm 

tem^mmM iff *> &ffi&m^ s 

[0 0 0 4] HBBC, ^3 ^rtf^lfi^jaWftt 

[0 0 0 5 ] 
[0 00 6] 

[0 00 7]Tftb*>, **»KJ:ft«. nSSft^V- 

©*«*ji±«:Htf en, n a^ffiiw k - ^sn/c 
-y>^a v #y.$£fcj:c^*#tfab#y*A» 



#jb±kkw 6 p ssfttf y * A»{b£»¥3K*fr 

I 0 0 0 8 ] .±ffi» 1 c^afflWltt, niGa^.Al, 

b< 1 ) T^S^SCitfrtS. 
[0 0 0 9 ] ±fgj$2 04^gttJlK K-^Sti&nSPF 

[ooio] ±mw2<D^mwm\x 

V^A ( I n*Ga liX N v . 0<x< 1 ) Z'ftM$fiZ> 0 
[0 0 1 l.]±ffi»2©*a*#Ji3W,- I n x Ga U itN 
(CC"C V 0<X<0, 5) VBl&$ftZ>t>.&m20 

[0012] ±iES&20¥«M#,. SOfcffl^OStt 

fr^n^TWW* F-?s*ifcS{t#-y *A«fb£ 
A t Zimr^ £ ti. tf>r> n ^F«*j# K - 

[0013] m2<D¥m&m&. ei»«cx«©h«cs i 

n»Ga 1 . ( N (CC7? 4 0<x<0. 5) J:0^cS*» 

[o o 1 4] ±m%2®¥m$m&. io*>^+a 

[0015] ±iam l ©*MH*JBtt, SRtiqdSfiSh 
fcG &y A 1 i-T N (CCt, O^Y^l ) 

[0016] _hS^3 <D¥mWm&. 0. 05//m- 
1. SumOmW&ltZZtmJZLiK 

[0017] *m®m#mycm*&. mWfvv* 
n^ib^y^A^b^»*«#^^^-5*i<o* 
y ^ a{ b^kb J; c;s*f b#ft u . 

®^«W«%*tf»2<DlRt4^*ffll»T, 

a, ^y^AiJct^as^toSft^y^A^b^w* 

*#^4^»2©¥«#*a*lliS6fi5^5m *>J: 
C^a^y^Aft^BJiSsRfbSfti^^O. 

^3 mmmzmmmzvttmz^tzmw 
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[0018] ±fB» 1 ©Jgfttf* Ji> nS^HMH^ 3 
'6tc£toc4#ff£Ll>. 

[0019] ±sa» i ©» l fflir^ ^ 

[0020] ±B»3©IKtW*tt, WiriVS-^A- 
ffc£«*S-6fcfttfC4*i"C$*. 

t o o 2 1 ] m i *mi®mt$ y ? a ^t^»* 

4, nSWtB^F^Shfc^^Ai^'J-jAi 
tfi^iftS^InxGa,.^ (0<X< 
1.) *»6&S*2(D¥zS*«l p^IM'J^A 

3Mfc6**awt^ 6 & *8 3 1 5 1 mmm 

.3. CO«iS<D^*^fci3ti"C. IBfcJfttIn,Ga 
M NJil 4**0* *l©*«Wil 34. W3<D¥ 
*#@1 h\i>?vv FJi4&oTl>S. 
[0 02 2] 1 IB*?y-f7\ SiC k ZnOf 

■[0023]7<s»7ril 2tiGa Y AI a .,N (0^Y 
iDtWSCim, M»0. 0 0 2/ira- 
0. 5tfmQJP3fcJBflteh£. GaN«* A1N<£*) 

fc*o±K*si«© J:c>sft# y o Aiwt^«*2»** 

A*%tCffllSL/fc^fil¥3 - 8 9 8 4 O^Cfclit^ 

tc®n^t^u^A^t^*«i*^#e>n, 
l < w flfess-ttj: 5 i«»t;tf »; ■> Asyt^*^. 

±3i±£C4#rt£. 

[ 0 0 2 4 ] g 1 (O^mWm 1 3 nIG a Nfc J; 
0, *£li«-€-©Ga©-W4A l-rgjft'l/fcGaA 1 

NCC£9^T£C4#r$£. r&t>%*i©*aM* 

B13tf\ Ga^.A ].N (0^a<l) TBf&?6C 

[0 02 5] »3©*«<*B1 5Jfc p^GaNiCcfc 
*-5l^i-e©GaCT)-«4A ir»ftUfcGaA 1 

Ml 5tt. Ga a . b A UN ( 0 ^b< 1 ) C 
4#"C**. CO*3(D*i»il5B ( 

-fit 



0, Ms. Zn«©pS^S4h'^WGa 
UBLfc«FK^3-3 5 704 6-^iCi2KLfcJ:5K:. 4 

o o °ctLL L < m o o *cei±©agtrr-- y 
> y*tr 5 C4 «c J: 9 ffiJBfitfc p ffl4 ir & c 4#r* 
£ 0 ttcmsotmfcmi o. 05 Mm-i, 5 

0 5 /imJ: 0 fc»,v4 ^r; FE 4 Lrffffl Lfc < < , 
*fc*;©«3#l. 5Mm,fc't)fe/i^4ifI2*arpa 

[0 02 6] nm^tm* F-^l/fcg2 <D*a*WB 1 
4tt, Wffi^JSmtBfiSSffifc <fc D , 6 0 0-C<fc 

Oiil'SSt.'Gal; Int N*fr6*4J3BW* 
nM^FttWO^^^SDL/cfetD^, yr# 
.X4l/rffiR4ffl^T. * 1 ©*aS#)i 1. 3 0±K:flt* 
3tf£t4#-CtS. jpWWX^tOtfy^A 

«:»-r 5 -y >^ A^nt* i j: o * < ■ r a G 4#a 

[0 0 2 7] #20¥a*(*JI*l 4«cK-^-r«nST 
WW4L/TKS i v £7c&Ge£W£C4#-Ct£ 0 
iJfc^2a>^ftl 1 4«Cttna*tt»£ 1 0 1 Vein 5 

[0 0 2 8] $6^, »2©*2f»Jil 4&«fiS-rS I 
nxGa 1 . x NI4©InCT)tt$, -T&fc-fc, xffi£0<x 
<0. 5<Z>«ffl> #*L<tt0. 01<x<0. 
Hfcpffi-T*. COJi^ 0£9£<-f£c4l£J;9. 

J n ll Ga 1 . l cNg4 3&s^6Ji4U"CfffflO, 0. 5JU_fc 

[ 0 0 2 9 ] " B 2 tt*ft«©*«ft^^-?-(D{lb(P«a 
^*rffi®HT^6 0 C«flli^^ ^2 

cD**ft/i 1 4 «sE©a^ssfi:^y ^ ASft^Bi 

*»#J:0*-5:#*H4l/r(r»54C3'CA£. 
«:«^5 4. -{>b^A4//U^A, fccfcO'^^ 

A 4 , -Y > ^ ^ A 4 # V ^ A 4 ©fflJS&Wsgfla 
¥»flcA4»tt5»S-CS*ti, ^nPffl^F- 

7 4 $nfcnw y v &mb£Vn¥m&B & d ^s^iis 

1 4*s**»f#F»iS4^4fc«) % St^^ 

©^ffl*^±s-*5c43&srt*. u-if^ 
[003 o] ^2©*#*n 4*^e«i4-ra«^. 

XB^0<X<0. 5©^fflr, I n x Ga 1 . x N114^:X 
ffl©a«c5^1«4«C 4 Ll> Q 
[0 03 1 ] *2<D¥W*lil 4 til 0t>^XFa- 
A^cliL/0. 5/xm, 3f)WJU<liO. 0 1 jLtm— 
0. luma>»ZV&lgfrZ>C±tim2L\<>. ^ 
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ajH*Jf 1 4£nSW«£F-^UcI nO.iGa0.9N 
«cJ:0»fltL/cS^ *©»2"©*aWWI14©«W 

O. 5^m*iBiLatftatJcfiTt"i«IRlK: 
lot, S2(D^IMi ; 4©JW5ttt. 

ttmt uv &*>\ W2 o^mtmi a zzmmt v 

[0 03 2] ^%m<omtm^T\t, ns**»* f- 

fio»i vwvmz^mm&z^v f 

[0 03 3 ] 

[0 0 3 4 j m 

ftv ****u*3W6, mmoumz i o 5 o°c£r± 
«tV 

[0 03 5 ] 5 1 o °c$rTcf * KfS# 

*<tbT7>*-7 (NH S ) 4 'J* hJl//#£, TM 
G (FlM^l/tf'J^A) £27X1 0 - % *W9t, *■ 

CCG a * 7 7-B*»2 0 0 F n- ACDJi 

[0 03 6] ^97r«B5fi», TMG0#©ft»£flT- 
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